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(54) LIGHT-RECEIVING ELEMENT ARRAY AND LIGHT-RECEIVING ELEMENT ARRAY CHIP 



(57) A light-receiving element array is provided, in 
which a crosstalk between adjacent light-receiving ele- 
ments may be decreased, and the size thereof may be 
small. The array is a mesa-type light-receiving element 
array in which the elements are isolated to each other 
by etched trenches. In this mesa-type light-receiving el- 
ement array, an n-type InP layer, an i-type InGaAs layer 



(a light-absorbing layer), a p-type InP layer (a window 
layer) is stacked in this order on an n-type InP substrate. 
A part of InGaAs layer and InP layer are etched away 
to isolate the elements. The structure is coated by an 
insulating film. A p-type ohmic electrode is provided 
through a contact hole on the top of the p-type InP layer 
of each element, and a common n-type ohmic electrode 
is provided on the bottom of the n-type InP substrate. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a light- receiv- 
ing element array, particularly to a light-receiving ele- 
ment array in which a crosstalk between light-receiving 
elements may be decreased. The present invention fur- 
ther relates to a light-receiving element array chip in 
which a chip size may be small. 

BACKGROUND ART 

[0002] A light-receiving element array is used as a 
photodetector of an optical demultiplexer for demulti- 
plexing the received wavelength multiplexed light beam 
every wavelength into a plurality of light beams, and 
monitoring the spectrum of each of the demultiplex light 
beams, for example in an optical communication system 
based on a wavelength multiplexed transmission. 
[0003] An example of an optical demultiplexer will 
now be described with reference to Fig.1. The optical 
demultiplexer comprises components such as an input 
optical fiber 2, a collimator lens 4, a diffraction grating 
6, and a photodetector 8. These components are ac- 
commodated in three tubular members which are fitted 
to each other. The input optical fiber 2 consisted of a 
single core is fixedly coupled to a window 12 for fixing 
the fiber by means of a fiber coupling member 14, the 
window 12 being an end face of a transparent tube 10 
for accommodating the fiber. The collimator lens 4 are 
fixed to an end of an intermediate tube 16. The diffrac- 
tion grating 6 is fixed to an window 20, the window 20 
being an end face of a tube 1 8 for accommodating the 
diffraction grating. In this optical demultiplexer, thetubes 
1 0 and 1 8 are fitted to both ends of the intermediate tube 
1 6 so as to be movable in the direction of light axis and 
rotatabie around the light axis for active alignment. 
[0004] The light beam from the input optical fiber 2 is 
guided into the optical demultiplexer. At this time, the 
light beam is diverged due to the numerical aperture of 
the fiber 2. The divergent beam reaches to the collimator 
lens 4 and is converged into parallel light beam by the 
collimator lens. The parallel light beam reaches to the 
diffraction grating 6 and is demodulated (or isolated) into 
a plurality light beams every wavelength by the wave- 
length dispersion characteristic of the diffraction grating 
6. The demodulated light beams are converted into con- 
vergent light beams, respectively, by thecollimator-lens 
4. These convergent light beams impinge upon the win- 
dow 12 which is positioned at a focal point of the colli- 
mator lens, and are arranged in one line on the window. 
The photodetection for each light beam may be possi- 
ble, when the photodetector 8 is secured to the window 
20 in such a manner that each light beam impinges cor- 
respondingly upon each light-receiving element of the 
photodetector 8. 

[0005] Fig.2 shows a commercially available light-re- 



ceiving element array chip used in the light demultiplex- 
er. The light-receiving element array chip comprises a 
light-receiving eiement array and bonding pads. The 
light-receiving element array consists of a plurality of 

5 light-receiving elements 22 arrayed in one line, and the 
electrodes of the light-receiving elements are alternately 
connected to the boding pads 24 arrayed on both sides 
of the light-receiving element array. 
[0006] A light-receiving element constituting the con- 

10 ventional light-receiving element array chip is a pin -pho- 
todiode fabricated by a diffusion process. Fig. 3 shows 
a partially enlarged cross-sectional view taken along 
A-A' line in Fig.2. An n-type InP layer 28, an i-type In- 
GaAs layer (i.e., a light-absorbing layer) 30, and an n- 

'5 type InP layer (i.e., a window layer) 32 are stacked in 
this order on an n-type InP substrate 26. Zn is diffused 
into the n-type InP layer 32 to form p-type regions 34 in 
order to fabricate pin-photodiodes. In this case, the Zn 
diffusion is isotropic and then proceeds in a lateral di- 

20 rection. The diffusion coefficient of InP is larger than that 
of InGaAs, so that the diffusion in a lateral direction is 
more promoted than that in a vertical direction. In this 
conventional diffusion-type light-receiving element ar- 
ray, therefore, it is limited to decrease the interval of the 

25 elements, e.g., the elements are arrayed in large pitch 
such as 50|im pitch. In Fig.2, the dimension of 50nm is 
designated by arrows. 

[0007] The size of the bonding pad 24 is large such 
as 100^mx 100p.m, so that the bonding pads are ar- 

30 rayed on both sides of the light-receiving element array, 
and on each side thereof they are arrayed in two rows 
as shown in the figure. Due to the presence of these 
bonding pads, the size of the chip becomes larger. 
[0008] As described above, it is impossible to further 

35 narrow the interval of the light-receiving elements. 
Therefore, it is required that the optical path for the de- 
multiplexed light beam is extended in the light demulti- 
plexer, resulting in the limitation for miniaturization of the 
light demultiplexer. 

40 [0009] In the conventional light-receiving element ar- 
ray chip, the size of the bonding pad is large as de- 
scribed above, so that the size of the chip may not be 
small. As a result, if the same number of pads as that of 
the light-receiving elements are arrayed, then the size 

45 of the chip becomes larger. Therefore, the conventional 
light-receiving eiement array is not suitable for a high 
density integration. 

[001 0] Also, the light-absorbing layers in the diffusion- 
type light-receiving element array are not isolated ther- 
50 ebetween, so that the carriers generated by absorbed 
light may migrate to adjacent light- receiving elements 
by lateral diffusion, resulting in a crosstalk to the adja- 
cent elements. As a result, the characteristic of the light- 
receiving element array is degraded. 

55 

DISCLOSURE OF INVENTION 

[001 1 ] An object of the present invention is to provide 
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a light-receiving element array in which a crosstalk be- 
tween adjacent light-receiving elements may be de- 
creased. 

[0012] Another object of the present invention is to 
provide a light-receiving element array chip in which the 
size thereof may be small. 

[0013] One problem in a conventional diffusion-type 
light-receiving element array is that the interval of ele- 
ments is limited to decrease. This is because a pn-junc- 
tion is formed by Zn diffusion. On the contrary, according 
to the present invention, a pn-junction is formed by dop- 
ing p-type material while forming a window layer for a 
light-receiving element array, and a mesa-structure of 
light-receiving element array is fabricated by isolating 
the elements by means of an etching process. Accord- 
ingly, the size and array pitch of the light-receiving ele- 
ment array may be small. 

[001 4] Furthermore, the mesa-structure fabricated by 
forming a trench between the elements is adopted, so 
that the elements are independent to each other. As a 
result, the lateral diffusion of carriers is not caused in 
the light-receiving element array, and then a crosstalk 
between adjacent elements may be decreased. 
[0015] Another problem in a conventional diffusion- 
type light-receiving element array is that the chip size is 
large. According to the present invention, the chip size 
may be small by adopting a matrix manner connection 
to decrease the number of bonding pads. Furthermore, 
the bonding pads may be arrayed on one side of the 
light- receiving element array. 

[0016] A light-receiving element array chip adopting 
a matrix manner connection comprises a light-receiving 
element array consisting of a plurality of mesa-type light- 
receiving elements arrayed in one line; a plurality of first 
bonding pads, the plurality of mesa-type light-receiving 
elements being grouped into blocks every predeter- 
mined number of mesa-type light-receiving elements, 
one electrodes of the predetermined number of mesa- 
type light-receiving elements included in one of the 
blocks being connected together to one of the first bond- 
ing pads, and a plurality of second bonding pads the 
number thereof is equal to said predetermined number, 
the other electrodes of the mesa-type light-receiving el- 
ements being connected every other said predeter- 
mined number of elements to one of the second bonding 
pads. 

BRIEF DESCRIPTION OF DRAWINGS 
[0017] 

Fig.1 is a schematic perspective view illustrating the 
structure of a light demultiplexer. 
Fig.2 is a plan view of a conventional light-receiving 
element array chip. 

Fig.3 is an enlarged cross-sectional view taken 
along A-A' line in Fig.2. 

Fig.4 is a cross-sectional view of a mesa-type light- 



receiving element array of one embodiment accord- 
ing to the present invention. 
Fig. 5 is a cross -sectional view of a mesa-type light- 
receiving element array of another embodiment ac- 

5 cording to the present invention. 

Fig.6 is a cross-sectional view of a mesa-type light- 
receiving element array of a further embodiment ac- 
cording to the present invention. 
Fig.7 is a plan view of a light-receiving element ar- 

10 ray chip according to the present invention. 

Fig.8 is a cross-sectional view taken along C-C' line 
in Fig.7. 

BEST MODE FOR CARRYING OUT THE INVENTION 

15 

First Embodiment 

[0018] Fig.4 shows a cross-sectional view of a light- 
receiving element array of an embodiment according to 

20 the present invention. This array is a mesa-type light- 
receiving element array in which the elements are iso- 
lated to each other by etched trenches. In this mesa- 
type light-receiving element array, an n-type InP layer 
44, an i-type InGaAs layer (a light-absorbing layer) 46, 

25 a p-type InP layer (a window layer) 48 is stacked in this 
order on an n-type InP substrate 42. A part of InGaAs 
layer 46 and InP layer 48 are etched away to isolate the 
elements. The structure is coated by an insulating film 
58. A p-type ohmic electrode 60 is provided through a 

30 contact hole on the top of the p-type InP layer 48 of each 
element, and a common n-type ohmic electrode 62 is 
provided on the bottom of the n-type InP substrate 42. 
[0019] The light-receiving element array described 
above is fabricated in the following manner. The n-type 

35 InP layer 44, the i-type InGaAs layer 46, and the p-type 
InP layer 48 are epitaxially grown in turn on the n-type 
InP substrate 42 by an MOCVD method and the like. At 
this time, the i-type InGaAs layer 46 may be undoped 
or slightly doped. Isolation trenches 49 are formed be- 

40 tween the elements by etching a part of the InGaAs layer 
46 and InP layer 48 down to the surface of the n-type 
InP layer 44 to fabricate a mesa-structure. In the fabri- 
cation of the mesa-structure, an etchant having a selec- 
tivity for InP and InGaAs is used to easily stop the etch- 

45 ing at the interface of layers. 

[0020] Next, an insulating film 58 consisting of SiN film 
is deposited on the topmost p-type InP layer 48 and on 
the surface of the n-type InP layer 44 exposed by an 
etching process. A contact hole is opened in the insu- 

50 lating film to form a p-type ohmic electrode 60 consisting 
of AuZn on the p-type InP layer 48, respectively. An n- 
type ohmic electrode 62 consisting of AuGeNi is formed 
on the bottom of the n-type InP substrate 42. 
[0021] After the insulating film 58 is deposited, wirings 

55 including bonding pads are formed. At this time, the wir- 
ings may be used as ohmic electrodes. The thickness 
of the insulating film 58 on the top of the light-receiving 
element is selected such that the insulating film be- 
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comes nonreflective, so that the performance of the ar- 
ray may be enhanced. 

[0022] Fig.5 shows another embodiment of the light- 
receiving element array using a semi-insulating (SI) InP 
substrate. On the semi-insulating InP substrate 64, the 
n-type InP layer 44, the i-type InGaAs layer 46, and the 
p-type InP layer 48 are epitaxially grown in turn in the 
same manner as the embodiment in Fig.4. Isolation 
trenches 49 are formed between the elements by etch- 
ing a part of the InGaAs layer 46 and InP layer 48. The 
insulating film 58 is deposited, and a contact hole is 
opened in the insulating film to form the p-type ohmic 
electrode 60 on the p-type InP layer 48, respectively. A 
contact hole is opened in the insulating film 58 on the 
bottom of the isolating trench 49 to form an n-type elec- 
trode 66 for each light-receiving element. 
[0023] According to the embodiments in Figs. 4 and 
5, a pn-junction is formed by epitaxial growth, so that 
the size and the array pitch of the light-receiving element 
array may be small. 

[0024] Also, the adjacent light-receiving elements are 
isolated with the trench, so that the lateral diffusion of 
the carriers is not caused. As a result, a crosstalk be- 
tween the adjacent elements may be decreased. 
[0025] Fig.6 shows an embodiment of the light-receiv- 
ing element array in which the trenches are buried or 
filled with a semiconductor material to decrease a leak- 
age current in a pn-junction and to make a dark current 
of the element small. Semi-insulating InP or undoped 
InP may be used for the semiconductor material filled in 
the trenches. 

[0026] The light-receiving element array is fabricated 
in the following manner. The n-type InP layer 44, the i- 
type InGaAs layer 46, and the p-type InP layer 48 are 
epitaxially grown in turn on the n-type InP substrate 42 
by an MOCVD method and the like. At this time, the i- 
type InGaAs layer 46 may be undoped or slightly doped. 
Isolation trenches are formed between the elements by 
etching a part of the p-type InP layer and the i-type In- 
GaAs layer down to the surface of the n-type InP layer. 
The area not being etched is coated by a masking film 
(not shown) such as SiN film, Si0 2 film, and the like, and 
then semi-insulating InP (e.g., Fe doped InP) or un- 
doped InP is epitaxially grown only in the trenches. In 
the figure, the grown InP is designated by reference nu- 
meral 70. After the masking film is removed, the p-type 
ohmic electrode (AuZn) 60 is formed on the p-type InP 
layer 48 and the common n-type ohmic electrode (Au- 
GeNi) 62 is formed on the bottom of the n-type InP sub- 
strate 42. An insulating film 72 is deposited on the struc- 
ture, and then wirings (not shown) including bonding 
pads are formed. 

[0027] In the embodiment of Fig.6, the wirings may be 
used as ohmic electrodes like in the embodiment of Fig. 
4. The thickness of the insulating film 72 is selected such 
that the insulating film becomes nonreflective, so that 
the performance of the array may be enhanced. 
[0028] Also, according to the embodiment of Fig.6, 



the isolating trenches are buried by the semiconductor 
material, so that the etched surface of the mesa-struc- 
ture may be improved and the recombination centers 
due to damages are decreased. As a result, a leakage 

5 current in the mesa-structure is decreased. 

[0029] The isolation trenches are buried and 
planarized with the material epitaxially grown, so that 
the wirings may be easily formed on the structure. 
[0030] The planarization is possible by burying the 

10 trenches with the epitaxially grown material, so that the 
depth of the trench may be large. As a result, the thick- 
ness of the light-absorbing film 46 may be increased. 
When the thickness of light-absorbing film is large, the 
characteristics such as a light-receiving sensitivity and 

15 a voltage resistance may be improved. 

[0031] In the fabrication of the mesa-structure of the 
light-receiving element array according to the present 
invention, an etchant having a selectivity for InP and In- 
GaAs is used, so that the etching may easily be stopped 

20 at the interface of layers. Also, the SiN film or Si0 2 film 
is used as a masking film during an etching process, so 
that the patterning of the masking film may be omitted. 
[0032] In the embodiments illustrated in Figs. 4-6, the 
pin-structure is fabricated by growing in turn the n-type 

25 InP layer, the i-type InGaAs layer, and the p-type InP 
layer. However, the fabrication of the pin-structure is not 
limited to this, but the pin-structure may be fabricated 
by growing in turn the n-type InP layer, the i-type InGaAs 
layer and the n-type InP layer, and then a p-type impurity 

30 is diffused into the latter n-type InP layer. When the iso- 
lating trenches are formed in the pin -structure, the me- 
sa-type light-receiving element array may be fabricated. 



35 



Second Embodiment 



[0033] Fig.7 shows a plan view of a light-receiving el- 
ement array chip in which a mesa-type light-receiving 
element array is used to make the size of a chip small. 
Fig.8 is a cross-sectional view taken along a polygonal 

40 line C-C in Fig.7. The dimension of 20 jxm is designated 
by arrows in Fig.7. The light-receiving element array is 
an array including mesa-type light-receiving elements 
36 arrayed in 1 0 u,m pitch, each element having a width 
of 6 urn. These light-receiving elements are grouped In- 

45 to blocks every eight elements. On one side of the light- 
receiving element array, two rows of bonding pads B } 
(each having a size of 1 00 umx 1 00 u.m) are arrayed. If 
there are 128 elements, i is 1 to 16. The n-type elec- 
trodes 38 of the elements included in one block are con- 

50 nected together to one bonding pad, respectively. On 
the other hand, the p-type electrodes 40 of the elements 
are connected every other eight elements to the wirings 
Lj(j=1 to 8). Each wiring Lj is connected to one of eight 
bonding pads B(Lj) arrayed in two rows on the other side 

55 of the light-receiving element array, each bonding pad 
having a size of 100 nmxi00 um It should be noted 
that only three bonding pads B(L^), B(L 2 ), and B(L 3 ) are 
shown in Fig.7. The connection for the light-receiving 
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element array described above is referred to as a matrix 
manner connection herein. 

[0034] The light-receiving element array chip includ- 
ing the matrix manner connection may be fabricated in 
a following manner. The n-type InP layer 44, the i-type 
InGaAs layer 46, and the p-type InP layer 48 are epitax- 
ially grown in turn on the n-type InP substrate 42 by an 
MOCVD method and the like. At this time, the i-type In- 
GaAs layer 46 may be undoped or slightly doped. 
[0035] Next, a first etching process is proceeded to 
expose a part of the surface of the n-type InP layer 44. 
A second etching process is proceeded to etch a part of 
the n-type InP layer 44 down to the InP substrate 42 with 
remaining the area for electrodes. The elements are iso- 
lated by the second etching process to fabricate a mesa- 
type structure of light-receiving element array. In each 
element, the p-type ohmic electrode 40 is formed on the 
topmost p-type InP layer 48, and the n-type ohmic elec- 
trode 28 is formed on the area of the n-type InP layer 
44 exposed by the second etching process. 
[0036] Next, an insulating film 50 is deposited on the 
structure except the area of the light-receiving element 
array, and then the wirings L 1 - L 8 are formed on the 
insulating film. An interlayer insulating film 52 is depos- 
ited on ail the surface including the area of the light-re- 
ceiving element array. In each element, a contact hole 
54 is opened in the interlayer insulating film on the p- 
type electrode 40, and a contact hole 56 is opened in 
the interlayer insulating film on the n-type electrode 38. 
Then, the bonding pads B(Lj) and B h and wirings are 
formed. 

[0037] According to the light-receiving element array 
including the matrix manner connection described 
above, only the light-receiving element is made active, 
which is connected to both the bonding pads B t and B 
(Lj) to which voltages are supplied. 
[0038] In the embodiment illustrated in Figs. 7 and 8, 
two rows of bonding pads (100 umxIOO \nm) are ar- 
rayed but one row of bonding pads may be arrayed if 
the size of bonding pads is smaller than the total width 
of eight light- receiving elements. 

INDUSTRIAL APPLICABILITY 

[0039] According to the present invention, the light- 
receiving elements are electrically independent to each 
other by adopting the mesa-structure, so that a crosstalk 
between adjacent light-receiving elements may be de- 
creased, as well as the size and array pitch may be 
small. 

[0040] Also, according to the present invention, the 
matrix manner connection is adopted, so that it is un- 
necessary to provide one bonding pad to one light-re- 
ceiving element. As a result, the number of bonding 
pads may be decreased and then the area occupied by 
the bonding pads may be small. Therefore, the size of 
a chip becomes smaller. Also, the bonding pads may be 
arrayed on one side of the light- receiving element array, 



because the number of bonding pads may be small. 
[0041] Accordingly, a chip including a high density 
light-receiving element array for a light demultiplexer 
may be implemented, which consists of 1 28 light-receiv- 
5 ing elements arrayed in pitch smaller than 25 jim, for 
example. At this time, the chip size is small, so that the 
number of chips obtained from one epitaxial wafer may 
be enhanced. 

10 

Claims 

1. A light-receiving element array wherein a plurality 
of light- receiving elements each consisting of a pin- 
ts photodiode are arrayed, said pin-photodiode 

comprising : 

an n-type semiconductor substrate, 

an n-type semiconductor layer, an i-type semi- 

20 conductor layer, and a p-type semiconductor 

layer stacked in this order on the n-type semi- 
conductor substrate, the i-type and p-type sem- 
iconductor layers being isolated by a trench 
from adjacent i-type and p-type semiconductor 

25 layers, 

a p-type electrode provided on the top of the p- 
type semiconductor layer, and 
a common n-type electrode provided on the 
bottom of the n-type semiconductor substrate. 

30 

2. A light-receiving element array wherein a plurality 
of light-receiving elements each consisting of a pin- 
photodiode are arrayed, said pin-photodiode 
comprising : 

35 

a semi-insulating substrate, 
an n-type semiconductor layer, an i-type semi- 
conductor layer, and a p-type semiconductor 
layer stacked in this order on the semi-insulat- 
^0 jng substrate, the i-type and p-type semicon- 

ductor layers being isolated by a trench from 
adjacent i-type and p-type semiconductor lay- 
ers, 

a p-type electrode provided on the top of the p- 
« type semiconductor layer, and 

an n-type electrode provided on the n-type 
semiconductor layer at the bottom of the trench. 

3. The light-receiving element array according to claim 
50 1 or 2, wherein the trench is buried with a semi-in- 
sulating material or undoped semiconductor mate- 
rial. 

4. A light-receiving element array chip wherein a plu- 
55 rality of light-receiving elements are arrayed, 

comprising : 

a light-receiving element array consisting of a 
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plurality of mesa-type light-receiving element 
arrayed in one line, 

a plurality of wirings for connecting the mesa- 
type light-receiving elements in a matrix man- 
ner, and 5 
a plurality of bonding pads connected to the wir- 
ings. 

5. A light-receiving element array chip wherein a plu- 
rality of light-receiving elements are arrayed, to 
comprising : 

a light-receiving element array consisting of a 
plurality of mesa-type light- receiving elements 
arrayed in one line, ts 
a plurality of first bonding pads, the plurality of 
mesa-type light- receiving elements being 
grouped into blocks every predetermined 
number of mesa-type light- receiving elements, 
one electrodes of the predetermined number of 20 
mesa-type light-receiving elements included in 
one of the blocks being connected together to 
one of the first bonding pads, and 
a plurality of second bonding pads the number 
thereof is equal to said predetermined number, 25 
the other electrodes of the mesa-type light-re- 
ceiving elements being connected every other 
said predetermined number of elements to one 
of the second bonding pads. 

30 

6. The light-receiving element array chip according to 
claim 4 or 5, wherein each of the mesa-type light- 
receiving elements consists of a pin-photodiode. 

7. The light-receiving element array according to claim 35 
5, wherein only the mesa-type light-receiving ele- 
ment is made active, which is connected to the first 
and second electrodes to both thereof voltages are 
supplied. 

40 
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